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Abstract 
The Kyoto Protocol’s flexible mechanisms allow projects that reduce greenhouse gas emissions to generate ‘carbon credits’.  The 
most well known of the schemes is the clean development mechanism (CDM), which applies to emission reduction projects in 
developing and emerging economy countries that have ratified the Kyoto Protocol. The eligibility of carbon dioxide (CO2) 
capture and storage (CCS) technologies within the CDM has been a protracted process. One of the concerns hampering progress 
relates to the possible market implications of inclusion because of the potentially very large number of certified emission 
reduction units (CERs) that could be generated from CCS projects, which could potentially destabilize the global carbon market, 
for example, by depressing global carbon prices due to over-supply relative to demand.  Drawing on these concerns, this paper 
provides a summary of analysis undertaken to assess the potential scale of such effects in both 2012 (the end of first commitment 
period of the Kyoto Protocol to the United Nations Framework Convention on Climate Change) and in 2020, with a view to 
evaluating the legitimacy of concerns in the short- to medium-term. It also provides some views on the potential alternative 
mechanisms that could evolve post-2012 for incentivizing and financing investments made in CCS technologies in developing 
and emerging economies. 
 
© 2010 Elsevier Ltd. All rights reserved 
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1. Introduction 
The Kyoto Protocol’s flexible mechanisms allow projects that reduce greenhouse gas emissions to generate 
‘carbon credits’. These credits serve as a ‘safety valve’ for the international carbon market as they can ‘offset’ 
domestic emission reduction obligations in those countries with binding emission limitation targets as defined by the 
Protocol.  For developing and emerging economies that have ratified the Kyoto Protocol (“non-Annex I Parties”) – 
by far the largest source of such credits – the mechanism is known as the clean development mechanism (CDM), a 
United Nations run process which generates tradable certified emission reduction units (CERs).  Negotiations 
concerning the eligibility of carbon dioxide (CO2) capture and storage (CCS) technologies within the CDM have 
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been a protracted process, and at the time of writing it is undecided as to whether CCS projects will be able to 
generate CERs through the CDM.  Various concerns have been raised in support of why CCS should not be eligible 
in the CDM at the present time, including methodological issues (e.g. how to account for emission reductions, 
especially over the long term), technical issues (e.g. whether the technology is safe etc), legal issues (e.g. is CCS 
allowed under various national or international laws in developing countries?) and the potential market implications 
of inclusion [1, 2].  The latter issue relates to concerns over the potentially very large number of CERs that could be 
generated by CCS projects, and the destabilizing effect this could have on the carbon market through oversupply of 
CER “offsets”, such as depressing global carbon prices and reducing the level of effort taken by Annex B Parties to 
the Kyoto Protocol.  Additional concerns in this context include the possibility that CCS could divert financial flows 
away from other types of abatement technologies, such as renewable, and prolong the dependence of developing and 
emerging economies on fossil fuels. Drawing on these concerns, this paper provides a summary of analysis 
undertaken to assess the potential scale of such effects in both 2012 (the end of first commitment period of the 
Kyoto Protocol) and in 2020, with a view to evaluating the legitimacy of concerns in the short- to medium-term.  
 
Based on the analysis undertaken, the paper also provides some initial views on the potential alternative 
mechanisms that could evolve post-2012 for incentivizing and financing investments into CCS technologies in 
developing and emerging economies. 
2. Methodology 
In order to estimate the potential market effects of CCS inclusion within the CDM, marginal abatement costs 
(MAC) of different types of ‘early opportunity’ CCS projects were compared with the MAC of other emission 
reduction technology options currently eligible as CDM activities in candidate countries. ‘Early opportunities’ in 
this context were based on the definition developed by the Intergovernmental Panel on Climate Change (IPCC), 
which suggest that early opportunities for CCS are projects “that [are likely to] involve CO2 captured from a high-
purity, low-cost source, the transport of CO2 over distances of less than 50 km, coupled with CO2 storage in a value-
added application such as EOR” [3]. In this study, early opportunities were also taken to include longer transport 
distances and lower purity capture sources (e.g. cement). 
 
The approach allows CCS deployment to be compared to other types of technologies on a marginal cost basis, 
providing an insight on how CCS might potentially ‘compete’ for investment.  Analysis of MAC curves allows 
interpretation of marginal costs from the perspective of (a) CER demand, based on the potential supply of credits in 
tCO2-equivalent by reading off the abscissa (x-axis) of the MAC curve; and (b) the estimated market price for CERs, 
based on reading off the abatement costs from the y-axis.  On this basis, and assuming figures for both future CER 
demand and future carbon prices, estimates of the potential effect of CCS inclusion within the CDM could be made.  
This is achieved by comparing MAC curves with and without CCS included, and assessing the relative changes in 
overall abatement cost to reach a desired a desired level of CER demand or price. 
 
Building the MAC curves described involves several steps as follows: 
 
 Step 1 – Estimating the technical potential for early opportunity CCS projects 
 Step 2 – Estimating the abatement costs for early opportunity projects 
 Step 3 – Using these estimates to develop MAC curves, adopting different assumptions 
 Step 4 – Developing MAC curves for other technologies 
 
Once these steps were undertaken, analysis could be carried out as described above in order to determine the 
potential market impact of CCS inclusion in the CDM.  The following sections show the results of these steps, and 
the subsequent analysis undertaken. 
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3. Estimating technical potential for ‘early opportunity’ CCS projects 
The technical potential for CCS early opportunities refers to the total amount of CO2 emitted and available for 
capture from the candidate source streams under study.  A number of existing industrial activities produce relatively 
pure, high concentration offgas streams of CO2.  These generally arise as the result of gas scrubbing operations to 
remove CO2 contamination from gas mixtures (e.g. natural gas; syngas).  Sectors typically utilizing this type of 
technology include natural gas processing, ammonia/fertilizer production, refineries (specifically hydro-cracking 
operations) and certain chemical production plants (e.g. ethanol and ethylene oxide production).  In addition, the 
analysis was extended to include cement kilns (relatively high concentration CO2 streams compared to power plants) 
and a limited number of fossil fuel-fired power plants which were assumed to constitute early demonstration 
projects before 2020. 
 
The amount of CO2 calculated as available for capture takes account of the emissions of the underlying activity, 
any additional emission associated with auxiliary power requirements (required for CO2 capture), and the capture   
efficiency or capture rate of the emissions (including whether the emissions from auxiliary plant can be captured). 
 
Emissions for each sector were taken from the 2006 version of the IEA Greenhouse Gas R&D Programme 
emissions database [4] with the exception of natural gas processing and power plants.  At present there are no 
publically available data on emissions from natural gas processing.  Consequently, estimates of emissions were 
made through a bottom-up study of high CO2 content natural gas fields in candidate countries, and estimates of 
valoration rates of these resources (Section 3.1).  Fossil fuel-fired power plant emissions were estimated from 
Bakker et al. [5], where 50% of new build power plants in developing and emerging economies are assumed to be 
fitted with CCS from 2015 onwards.  The resulting total technical potential estimates are shown in Table 1. 
Table 1 Estimates of technical potential for CCS early opportunities in developing economies 
Activity/sector Emission sources 
(number) 
Average source size 
(tCO2/yr) 
Total emissions 
(MtCO2/yr) 
2012 
Total emissions 
(MtCO2/yr) 
2020 
Ethanol productionA 40 342,258 13.7 13.7 
Hydrogen productionB 21 285,442 5.9 5.9 
Ammonia productionC 118 822,087 97.0 97.0 
Fertiliser productionD 28 414,682 11.6 11.6 
Petroleum refiningE 247 1,183,509 292.3 292.3 
Cement productionE 693 865,952 600.1 600.1 
TOTAL 1,147  1,020.7 1,020.7 
Source[4]. Afghanistan, Iraq, Turkey and Taiwan plus Annex I country data removed to arrive at CDM candidate countries.  
Notes: A Brazil and Pakistan only. B Aruba, Venezuela, South Korea, India, Iran, Kuwait, Saudi Arabia, UAE only. C Algeria, Egypt, China, 
Vietnam, Georgia, Turkmenistan, Uzbekistan, Indonesia, Malaysia, North Korea, Bangladesh, Myanmar, India, Pakistan, Brazil, Chile, 
Colombia, Mexico, Trinidad & Tobago, Iran, Syria, UAE only. D India only. E Large number of countries covered.  Note, these data are 
significantly lower than the 1.2 GtCO2 emissions cited elsewhere.  However, the authors understand that retrofitting CCS to a cement plant would 
involve a major refurbishment to a plant, essentially making it similar to a new build operation.  As such, this figure is considered representative 
of the technical potential in the sector to 2020. 
3.1. Estimating the CCS technical potential from natural gas processing   
Some natural gas resources are contaminated with naturally occurring CO2, which are sometimes referred to as 
acid or sour gas (although the latter typically refers to hydrogen sulfide, H2S contamination).  This CO2 must be 
removed from the produced natural gas prior to its export to pipelines or used as feed in liquefied natural gas (LNG) 
or gas-to-liquid (GTL) plants, sometimes referred to as ‘gas sweetening’.  There is a lack of data in the public 
domain on the levels of CO2 contamination in gas fields, their distribution, and the subsequent emissions associated 
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with gas sweetening operations.  The heterogeneous nature of CO2 contamination also makes generalized estimates 
based on activity levels very uncertain, as shown below. 
 
Top-down estimates have produced a wide range of results.  The IPCC provides a broad estimate of the technical 
potential for CCS application to natural gas processing activities, assuming that on average, CO2 emissions from 
natural gas ‘sweetening’ would be in the order of 50 MtCO2 per year, based on a global gas production of 2618.5 
billion m³, with half of this containing an average CO2 content of 4%, and a required delivery quality of 2% CO2 [3]. 
The Organization for Economic Development (OECD) and International Energy Agency (IEA) [6] has estimated 
emissions of around 167 MtCO2 per year over the production period, based on different assumptions.  They assume 
higher rates of natural gas production, and with a higher CO2 content, which would come on stream between 2012 
and 2020, with a subsequent doubling of annual emissions to 334 MtCO2 in 2020. In view of the paucity of data, the 
analysis sought to estimate emissions from natural gas processing on a country-by-country, field-by-field basis, 
where data allowed. 
 
The first step in developing estimates of CO2 emissions from natural gas processing was to establish forecasts of 
gas production in CDM candidate countries.  Detailed gas field datasets were developed for the top 15 gas 
producing non-Annex I countries, accounting for around 90% of all gas production in that group of countries.  In 
addition to these, several countries were selected for analysis due to their known prevalence of high CO2 gas fields 
(e.g. Thailand, Myanmar). Collectively, these countries are forecast to account for around 62 trillion cubic feet 
(TCF) of natural gas production per year in 2020, equal to 44% of total worldwide forecast annual gas production in 
2020 [7]. 
 
For each of the countries under study, the following data were collected from a range of publicly available 
sources: 
 
 Estimated size of the total reserve (cubic feet); 
 Annual production rate (cubic feet per year); 
 Production start date (year); 
 CO2 content of fields in the country (%); 
 Production type (pipeline or LNG)2; and  
 Location (onshore or offshore, and water depth). 
 
These data were used to estimate field life (in years, equal to total reserve divided by annual production) and 
annual CO2 emissions (based on annual gas production, CO2 content, and production type). 
 
The scope of CO2 emissions estimated for natural gas processing as described above were assumed to be 
technically available for capture over the assessment period. The results are shown in Figure 1, from the base year of 
2009 out to 2020. The potential contribution of South-East Asian countries is shown to dominate the total forecast, 
reflecting the known occurrences of high CO2 gas in the Gulf of Thailand, South China Sea provinces, and in 
onshore and offshore Indonesia (e.g. Java Sea, Flores Sea, Banda Sea, Timor Sea). The analysis indicates that the 
technical potential for CO2 capture from these activities is estimated at 219 MtCO2 in 2012, rising to 313 MtCO2 in 
2020. These estimates are broadly in alignment with the IEA top-down estimates cited earlier. 
 
By combining the estimated potential from natural gas processing with the estimates provided in Table 1, the 
analysis suggests that early opportunity projects have a total CCS technical potential in 2012 of around 1.24 GtCO2, 
- comprising 219 MtCO2 in natural gas processing and 1020 MtCO2 in other sectors. This rises to a combined CCS 
potential total of around 1.51 GtCO2 in 2020. 
 
2 For pipeline gas, a delivery specification of 2% CO2 was assumed (i.e. CO2 must be removed down to a 2% concentration), and for LNG 
feedstock, a 0.2% content. 
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4. Establishing costs for ‘early opportunity’ CCS projects 
The second step in understanding the potential market impacts of CCS inclusion in the CDM is to understand 
potential costs for projects. 
4.1. Defining project types 
A variety of factors affect the cost of CCS deployment, including inter alia the capture technology, the CO2 
content of the off-gas, whether capture plant is retrofitted to existing plant or integrated as part of a new build 
project, pipeline distance to a suitable storage site, and whether storage site(s) are located on- or offshore. Based on 
these parameters, a typology covering sixty different potential project configurations was developed across the 
industrial sector projects in order to provide an estimate in the potential range of costs pertaining to CCS in these 
operations. These included CCS applied to ethanol, refineries, ammonia, hydrogen production, cement kilns, coal- 
and gas-fired power). For natural gas processing, a similar project typology was developed to define projects on the 
basis of LNG or gas field capture; new build or retrofit; on- or offshore CO2 storage; and (for offshore) deep or 
shallow water location. 
 
Figure 1 Estimated technical potential for CCS from Natural Gas Processing in developing economies 
4.2. Developing capital and operating cost data  
Capital and operating costs were developed for each defined project type, including the following cost 
components (data were collected from a wide range of sources; see [7]).  Capital cost estimates included mechanical 
and electrical equipment (compressors; auxiliary equipment for compression (dryers, coolers etc), monitoring (any 
passive equipment), and civil engineering (transportation; injection (umbilical connections [offshore] and wells), 
storage site development, closure and decommissioning (wells, well plugging)).  Operating costs include power (gas 
consumed in compression plant), maintenance, and monitoring (storage site only)3. 
5. Marginal abatement costs for CCS early opportunity projects 
Marginal abatement costs (MACs) for CCS were compiled for each of the candidate project types outlined above. 
Project lead times were assumed to be 1.5 years and capital costs discounted at a rate of 12.5% over 21 years (unless 
 
3 Other monitoring costs such as flow metering on pipe-work etc were assumed to be minor 
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other factors determined a different choice of financial assumptions e.g. known gas field with a shorter expected 
life-time). These data suggest that CCS MACs for early opportunities range from around $10 per tCO2 to over $200 
per tCO2; the lowest being for natural gas processing with in situ storage and the highest for retrofitted cement kilns.  
The data were compiled in a cost ordered MAC curve for the candidate countries, as shown in Figure 2. 
 
The MAC curve in Figure 2 indicates that that around 1.5 GtCO2 per year could be available for emissions 
abatement using CCS between now and 2020. This figure excludes the majority of power sector emissions, 
considered not to be early opportunities over the next decade.  The MAC curve suggest that in 2012, under ‘base 
case’ assumptions, 222 MtCO2 could be abated at less than $30 tCO2, largely from high-CO2 onshore (and shallow 
offshore) natural gas processing projects, LNG operations and ammonia production facilities located within 50km of 
a CO2 storage site.  At a CER price of $50 per tCO2, emission reductions of around 235 MtCO2 and 451 MtCO2 
could be achieved through CCS in 2012 and 2020 respectively. 
 
Figure 2 Combined MAC curve (base case) for CCS early opportunities in developing countries, 2020 
6. Estimating potential CDM market impacts 
The CCS-specific MAC curve, when integrated with MAC curves for other CDM candidate emission reduction 
options (e.g. renewable energy, forestry projects etc.), allows for an estimate to be made of the potential economic 
and carbon market impacts arising from CCS inclusion in the CDM. MAC data for other technologies were largely 
drawn from [5].  In developing combined MAC curves, a range of economic (equipment cost reductions, energy 
costs etc) and non-economic barriers (deployment barriers, lead times etc) were included to provide more realistic 
estimates of CCS deployment - reflected as low, medium and high scenarios (Figure 3). 
 
Using published estimates of CER prices of around $10-15 per tCO2 in 2012 and projected CER demand in 2012 
and 2020 [5, 9, 10], the integrated MAC curves suggest that CCS inclusion in the CDM could incentivize between 
0-63 MtCO2 per year of emission reductions (i.e. CERs) per year from CCS by 2012, rising to 117-314 MtCO2 per 
year by 2020.  For the period to 2012, these estimates are commensurate with between around 0-16 per cent of the 
estimated total CER demand, which compares with 36 percent of the CDM market share occupied by industrial gas 
emission reduction projects (HFC destruction, N2O abatement; PFC reductions etc; 132.6 MCERs per year) and 18 
per cent from methane emission reductions (128.5 MCERs per year) [11].  In 2020, the estimated level of CCS 
deployment through the CDM, as indicated by the MAC curve analysis, would represent around 6-9 percent of the 
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total CER supply, although these estimates are necessarily subject to significant uncertainty due to the lack of clarity 
about the post-2012 carbon market. 
 
The analysis therefore suggests that CCS is unlikely to radically destabilize the global carbon market in the short- 
to medium-term; and that CCS could reduce the weighted average cost of abatement in non-Annex I countries by 
around $1.8-2.3 per tCO2. 
 
 
Figure 3 Combined scenario MAC curves for CDM in 2020 (with and without CCS inclusion)  
Although the focus of the analysis concerns the risks of CCS inclusion on the carbon market, it is worth stating 
that there may be some significant benefits offered by including CCS in the CDM, based around what are considered 
the two main challenges to realizing CCS in the medium-term, namely achieving technical learning and cost 
reduction through widespread deployment; and proving successful storage of CO2 in a range of media and locations 
worldwide. Inclusion of CCS in the CDM could therefore provide useful bridging finance to support a CCS 
technology development pathway over the next 15-20 years. 
7. Options for incentivizing and financing CCS in developing economies 
Within the UNFCCC framework, a number of mechanisms for achieving emissions reductions post-2012 have 
been considered. In particular, there has been some discussion around the use of sectoral mechanisms. These would 
be based upon including whole industry sectors in a reward mechanism. Two basic forms are being discussed, 
sectoral crediting, in which emissions performance against an agreed baseline(s) is rewarded with emission credits 
allocated ex post, and sectoral trading in which allowances would be allocated ex ante.  Both approaches are 
intended to stimulate and reward emissions reductions within carbon-intensive sectors, most likely according to the 
‘no-lose’ principle i.e. that where certain agreed performance levels were not met, these would not result in penalties 
to developing countries and/or emitters within those countries. 
 
The power generation sector could possibly feature as an industry sector to be included within a sectoral 
mechanism, and CCS could be one of the key abatement options available to reduce emissions. However, the 
institutional requirements to operationalise sectoral mechanisms would be considerably more complex than for 
CDM. Furthermore, the option of the use of crediting linked to Nationally Appropriate Mitigation Actions 
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(NAMAs) has come to the fore as a potentially more interesting option, largely because of the nature of the emission 
reduction ‘pledge’ process introduced under the Copenhagen Accord.  Under such a scheme, access to capital - for 
example from the Copenhagen Green Climate Fund - may be allowed on the basis of pledges made under the 
Accord by developing countries.  However, significantly more effort is required to elaborate the modalities and 
procedures for such a system, not least the mechanism by which monitoring, reporting and verification may take 
place, and the undertaking of any ex post adjustment to the amounts of finance provided.  Furthermore, the scope of 
the Copenhagen Green Climate Fund relative to the envisaged Technology Mechanism also poses questions about 
where CCS would fit between the two, if at all. 
 
Given the potential contribution of early opportunity CCS projects within developing countries’ emission 
mitigation efforts, including CCS within sectoral mechanisms and NAMAs could result in a significant acceleration 
of project deployment outside of Annex I countries. However, if CCS were to be included in any of these schemes, 
the same non-market related issues as those considered under the CDM would still persist, and would need to be 
dealt with, e.g. seepage, long-term liability, etc. If sectoral mechanisms and NAMAs form part of the post-2012 
international climate policy framework, it is unlikely that the rules and modalities would be agreed until later 
COP/CMP meetings, so much uncertainty will remain concerning these potential schemes and the inclusion of CCS 
within them.  As such, more detailed consideration of the options and approaches needs to be carried out in order to 
best inform those discussions. 
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